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1.0 EXECUTIVE SUMMARY
5HFHQW WHVWLQJ RI(QKDQFHG3RZHU&RQYHUVLRQ (3&(IILFLHQW 3RZHU&RQYHUVLRQ&RUSRUDWLRQ H*D1
)(7GHYLFHVGHVLJQIRUSRZHUXVHKDVVKRZQWKDWWKHGHYLFHVDUHVXVFHSWLEOHWRVLQJOHHYHQWHIIHFWV6((
WKDWGHJUDGHRUGHVWUR\WKHGHYLFH7KHH[DFWPHFKDQLVPRIWKH6((LVQRWNQRZQ7KHWHVWLQJVRIDUKDV
EHHQLQWKHVWDWLFFRQGLWLRQLQWKHIXOO\RIIFRQGLWLRQDQGZLWKPLQLPDOORDGFRQGLWLRQV7KHVHFRQGLWLRQV
PD\QRWEHZRUVWFDVH7KLVUHSRUWSUHVHQWVWKHUHVXOWVRIDVWXG\WKDWWHVWVVRPHRIWKHORDGFRQGLWLRQVIRU
6((7KH(3&DQG(3&ZHUHFKRVHQIRUWKHWHVW7KHWHVWVZHUHSHUIRUPHGDWWKH7H[DV$	0
8QLYHUVLW\7$08UDGLDWLRQHIIHFWVIDFLOLW\LQ0D\DQG-XQHRI7KHHIIHFWRILQFUHDVHGFDSDFLWLYH
ORDGUHVXOWVLQORZHUHG9VHHWKH9GVYROWDJHDWZKLFK6((RFFXUVDQGLQFUHDVHGWKHPDJQLWXGHRI6((LQ
WKHGHYLFHVVXFKWKDWWKHGHYLFHVXIIHUVFDWDVWURSKLFIDLOXUHDWORZHUYROWDJHDQGOHVVIOXHQFHV7KHORDG
FDSDFLWDQFHDSSHDUVWRVXSSO\HQRXJKFXUUHQWLQWKHORFDOFLUFXLWWKDWWUDQVLHQWVLQGXFHGE\WKHKHDY\LRQV
DOORZIRUPRUHFXUUHQWWRIORZWKURXJKWKHWHVWGHYLFHWKDWLQFUHDVHWKHFKDQFHIRUGDPDJH

2.0 PURPOSE
7KHSXUSRVHRIWKLVWHVWLQJZDVWRFKDUDFWHUL]HWKHHIIHFWRIORDGFRQGLWLRQVRQH*D1)(7VIURP(3&IRU
UDGLDWLRQHIIHFWVIURPKHDY\LRQV7KHSULPDU\LQWHUHVWLQWKHVHGHYLFHVLVIRUXVHLQKLJKHIILFLHQF\EXFN
FRQYHUWHUV ZKLFK ZLOO KDYH YDU\LQJ ORDG DQG WKH HIIHFW RI WKH ORDG FRQGLWLRQ RQ 6(( LV D FULWLFDO
SDUDPHWHUWRWKHGHSOR\PHQWRIWKLVGHYLFHLQ1$6$PLVVLRQV)LJXUHVKRZVWKHW\SLFDOWHVWFLUFXLW
LQ0,/67'0HWKRGIRUPHDVXULQJ6((7KHFDSDFLWRU LQSDUDOOHOZLWK WKHGUDLQDQGVRXUFH
FRQQHFWLRQ LV FDOOHG WKH ORDG FDSDFLWRU 7KLV VWXG\ DSSOLHG YDULRXV ORDG FDSDFLWRU YDOXHV DV 6(( ZDV
WHVWHG

Figure 2.0-1.7KHWHVWVHWXSXVHGLQWKLVVWXG\ZDVLGHQWLFDOWRWKH0HWKRGFLUFXLW

3.0 TEST SAMPLES
7KH'87OLVWHGLQ7DEOHZHUHDFTXLUHGFRPPHUFLDOO\DQGVWRUHGXQGHUIOLJKW(6'FRQGLWLRQVSHU'
 7KH (3& DQG (3& GHYLFHV ZHUH VHOHFWHG IRU WHVWLQJ VLQFH WKH\ DUH WKH VPDOOHVW GLH
ZKLFKPLQLPL]HGWKHDUHDIRUGDPDJHLQYHVWLJDWLRQVDQGWKHODUJHVWYROWDJHUDWLQJZKLFKPD[LPL]HGWKH
VHQVLWLYLW\WR6((
Table 3.0-1. /LVWRIGHYLFHVWKDWZHUHWHVWHG
Manufacturer Part Number
VDS rating (max) 
[V] Channel LDC Package
(3& (3&  1 1$ &XVWRP
(3& (3&  1 1$ &XVWRP


4.0 PROCEDURE/SETUP
7KH JHQHUDO WHVW SURFHGXUH DGKHUHG WR ³7KH7HVW*XLGHOLQH IRU 6LQJOH (YHQW*DWH5XSWXUH 6(*5RI
3RZHU026)(7V´>-3/3XEOLFDWLRQ@3DUWVZHUHVHULDOL]HGLIQRWDOUHDG\GRQHZLWKFRQWUROV
PDUNHG SURPLQHQWO\ WR GLVWLQJXLVK WKHP IURP WHVW VDPSOHV ([SRVXUHV ZHUH SHUIRUPHG DW DPELHQW
ODERUDWRU\WHPSHUDWXUH6LQFHWKHSDFNDJHVIURP(3&ZHUHDW\SLFDOWKH'876KDGWREHUHPRXQWHGLQD
GHDGEXJFRQILJXUDWLRQIRULRQWHVWLQJDQGWHVWLQJZLWKWKH$7('HYLFHVZHUHYHULILHGWREHIXQFWLRQDO
DIWHUPRXQWLQJRQ WKH WHVWFDUULHUVHH)LJXUH7KHHTXLSPHQWXVHG LQ WKLVHIIRUW LV OLVWHGLQ7DEOH


Figure 4.0-1. 'RVHWHVWLQJFDUULHU
Table 4.0-1. (TXLSPHQWXVHGLQWKLVHIIRUW
Unit Function Make Calibration JPL SN
+3 3DUDPHWULF$7( $JLOHQW  7'%
+3 6(($7( $JLOHQW  
% 6(($7( $JLOHQW  7%'
/DSWRS 6((FRQWURO3& 7RVKLED 1$ 
4.1 Electrical Tests
(OHFWULFDO WHVWVZHUHSHUIRUPHGLQDFFRUGDQFHZLWK³7KH7HVW*XLGHOLQHIRU6LQJOH(YHQW*DWH5XSWXUH
6(*5RI3RZHU026)(7V´>-3/3XEOLFDWLRQ@$OOGHYLFHVZHUHYHULILHGWRZRUNE\WHVWLQJ
ZLWKD+3%7KHWUDQVIHUDQGFKDUDFWHULVWLFFXUYHVRIHDFKGHYLFHZHUHDFTXLUHGWRDPD[LPXP
FXUUHQWRIP$RQDQ\WHUPLQDORIWKHGHYLFH
4.2 Failure Criteria
)DLOXUH FULWHULDZHUH FODVVLILHG LQ DFFRUGDQFHZLWK ³7KH7HVW*XLGHOLQH IRU6LQJOH(YHQW*DWH5XSWXUH
6(*5RI3RZHU026)(7V´>3/3XEOLFDWLRQ@+RZHYHUDQ\FKDQJHLQGHYLFHSDUDPHWHUV
ZDVQRWHGIRUWKLVH[SORUDWRU\HIIRUW
4.3 Setup
)DLOXUH FULWHULDZHUH FODVVLILHG LQ DFFRUGDQFHZLWK ³7KH7HVW*XLGHOLQH IRU6LQJOH(YHQW*DWH5XSWXUH
6(*5 RI 3RZHU026)(7V´ >3/3XEOLFDWLRQ  @ )LJXUH  VKRZV WKH VHWXS XVHG LQ WKLV

H[SHULPHQW$Q+3%IRUFHGWKHYROWDJHDQGUHDGDFXUUHQWZLWKWKUHHLQGHSHQGHQW608V7KH
EDFNJURXQGFXUUHQWRQWKHERDUGZLWKQR'87ZDVUHFRUGHGWREHaQ$LQHDFKGHYLFHORFDWLRQ

Figure 4.3-1.6HWXSXVHGIRU6((WHVWLQJ7KHHQWLUHV\VWHPLVWUDQVSRUWHGWRDKHDY\LRQVLWH$%LVHOHFWULFDOVLPLODUDQG
KDVUHSODFHGWKH+3RQWHVWLQJVLQFH-XQH

5.0 SOURCE REQUIREMENTS
7KHLRQVRXUFHZDVWKH7$08F\FORWURQ7KHLRQVPXVWEHDEOHWRSHQHWUDWHDWPPSDVWWKHVXUIDFHRI
WKHGHYLFHWRDVVXUHDVSDFHOLNH6((UHVSRQVH

6.0 BIAS CONDITION/FIXTURES
%LDV FRQGLWLRQ GXULQJ WKH ELDVHG LUUDGLDWLRQVZHUH LQ DFFRUGDQFHZLWK ³7KH7HVW*XLGHOLQH IRU 6LQJOH
(YHQW*DWH 5XSWXUH 6(*5 RI 3RZHU026)(7V´ >3/ 3XEOLFDWLRQ  @ 8QELDVHG SDUWVZHUH
H[SRVHGLQDPDQQHUWKDWSURWHFWVWKHPDJDLQVW(6'

7.0 RESULTS
7.1 Gross SEE response to Cl
7KHILUVWEDWWHU\RIWHVWVZDVGHVLJQHGWRREVHUYHWKHJURVVUHVSRQVHRI6((ZLWKYDULRXVORDGFDSDFLWRUV
RQWKH'877KHWHVWGHYLFHZDVWKH(3&)LJXUHVDQGVKRZWKH6((WHVWVWULSFKDUWIRUD
FDSDFLWLYH ORDG &ORIP))LJXUHV DQG VKRZ WKH6(( WHVW VWULS FKDUW IRU D&ORIP)
)LJXUHVDQGVKRZ WKH6((WHVW VWULSFKDUW IRUD&ORIP)$OO WKH WHVWVZHUHGRQHZLWK
9JV 9DQG9GV 9WRHQKDQFHWKH6((HIIHFW7KHGHYLFHWHQGVWRIDLOVE\EXUQLQJRXWDQGWKHQ
PHOWLQJWKHGUDLQWRVRXUFHERXQGDU\DVVHHQLQ)LJXUHVDQG7KHKLJKHU&OPD\
LQGXFHPRUHGDPDJHKRZHYHUD:GURS LQ WKHGHYLFHFDXVHVHYHUHPHOWLQJRI WKHGLH/RRNLQJDW
)LJXUHDQG)LJXUHZHVHHKLJKHU&OWRODUJHVSLNHVLQFXUUHQWDQGGURSVLQWKHYROWDJH7KHVH
DUHDVVXPHGWREH6((WKDWDUHDVVLVWHGE\WKHORDGFDSDFLWRU7KH\KDYHQRWEHHQVHHQLQDQ\SUHYLRXV
'&WHVWLQJZLWKQR&O
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Figure 7.1-1a. +HDY\LRQUHVSRQVHRIWKH(3&.,RQIOX[ZDV(FPV7KHILUVWLUUDGLDWLRQZDV(FPWKH
UHVWZHUHIRU(FP5HGOLQHLVGUDLQYROWDJHJDWHYROWDJHLV]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWH
FXUUHQW1RWHWKHIDLOXUHRIWKHGHYLFHLVWKHJUDGXDOLQFUHDVHGUDLQFXUUHQWWKDWUHVXOWVLQPHOWLQJRIWKHVRXUFHWRGUDLQDUHD

Figure 7.1-1b. 'HYLFHSLFWXUHDIWHULUUDGLDWLRQ
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Figure 7.1-2a. +HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJH
LV]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KLVGHYLFHDOVRFDXVHGIDLOHGE\LQFUHDVHLQGUDLQFXUUHQW
1RWHWKHIDLOXUHRIWKHGHYLFHLVWKHJUDGXDOLQFUHDVHGUDLQFXUUHQWWKDWUHVXOWVLQPHOWLQJRIWKHVRXUFHWRGUDLQDUHD

Figure 7.1-2b. 'HYLFHSLFWXUHDIWHULUUDGLDWLRQ
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Figure 7.1-3a.+HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJH
LV]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW1RWHWKHIDLOXUHRIWKHGHYLFHLVWKHJUDGXDOLQFUHDVHGUDLQ
FXUUHQWWKDWUHVXOWVLQPHOWLQJRIWKHVRXUFHWRGUDLQDUHD

Figure 7.1-3b.'HYLFHSLFWXUHDIWHULUUDGLDWLRQ
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Figure 7.1-4a. +HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJH
LV]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW1RWHWKHWUDQVLHQWYROWDJHGLSWKDWLQGLFDWHVDUDSLGLQIOX[RI
FXUUHQWIURPWKHORDGFDSDFLWRU

Figure 7.1-4b.'HYLFHSLFWXUHDIWHULUUDGLDWLRQ
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Figure 7.1-5a.+HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJH
LV]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KLVGHYLFHIDLOHGFDWDVWURSKLFDOO\RQO\GXHWRDQ6((
LQGXFHGWUDQVLHQW7KDWLVWKHGHYLFHPHOWHGDWWKHVRXUFHWRGUDLQERXQGDU\ZLWKRXWDJUDGXDOLQFUHDVHLQGUDLQFXUUHQW

Figure 7.1-5b. 'HYLFHSLFWXUHDIWHULUUDGLDWLRQ
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Figure 7.1-6a.+HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJH
LV]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KLVGHYLFHIDLOHGFDWDVWURSKLFDOO\RQO\GXHWRDQ6((
LQGXFHGWUDQVLHQW7KDWLVWKHGHYLFHPHOWHGDWWKHVRXUFHWRGUDLQERXQGDU\ZLWKRXWDJUDGXDOLQFUHDVHLQGUDLQFXUUHQW

Figure 7.1-6b. 'HYLFHSLFWXUHDIWHULUUDGLDWLRQ
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Figure 7.2-1.+HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJHLV
]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KHORDGFDSDFLWRUZDVP)7KH9VHHZDVGHWHUPLQHGWREH
EHWZHHQDQG9DQGGHILQHGDVWKHDYHUDJHRI9
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Figure 7.2-2. +HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJHLV
]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KHORDGFDSDFLWRUZDVP)7KH9VHHZDVGHWHUPLQHGWREH
EHWZHHQDQG9DQGGHILQHGDVWKHDYHUDJHRI9
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Figure 7.2-3. +HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJHLV
]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KHORDGFDSDFLWRUZDVP)7KH9VHHZDVGHWHUPLQHGWR
EHEHWZHHQDQG9DQGGHILQHGDVWKHDYHUDJHRI9
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Figure 7.2-4. +HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJHLV
]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KHORDGFDSDFLWRUZDVP)7KH9VHHZDVGHWHUPLQHGWR
EHEHWZHHQDQG9DQGGHILQHGDVWKHDYHUDJHRI9
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Figure 7.2-5. +HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJHLV
]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KHORDGFDSDFLWRUZDVP)7KH9VHHZDVGHWHUPLQHGWR
EHEHWZHHQDQG9DQGGHILQHGDVWKHDYHUDJHRI9
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Figure 7.2-6. +HDY\LRQUHVSRQVHRIWKH(3&9$,RQIOX[ZDV(FPV5HGOLQHLVGUDLQYROWDJHJDWHYROWDJHLV
]HURYROWV%ODFNOLQHLVGUDLQFXUUHQWDQGJUHHQOLQHLVJDWHFXUUHQW7KHORDGFDSDFLWRUZDVP)7KH9VHHZDVGHWHUPLQHGWREH
EHWZHHQDQG9
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Figure 7.2-7. +HDY\LRQUHVSRQVHRIWKH(3&9$DVDIXQFWLRQRI&O
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